AL-MOSANIF, E., VEJRAŽKA, K., JŮZL, M., DRÁPAL, K.: Root system size of alfalfa varieties under diff erent plant densities. Acta univ. agric. et silvic. Mendel. Brun., 2012, LX, No. 1, pp. 9-16 The fi eld experiment was established from pre-grown alfalfa sprouts in 2008. In 2009 and 2010, the harvest was carried out. The yield and the root size system (RSS) were evaluated in the total of fi ve cuts. Two localities of diverse soil and weather conditions were selected. Žabčice is a dry location with a highly permeable sandy soil layer, but at the same time, with a considerable fl uctuation of the underground water level; Troubsko, on the other hand, represented a location with a higher content of clay in soil suitable for growing alfalfa. The trial was established in two types of plant spacing -25 × 25 cm (16 plants per m 2 ) and 50 × 50 cm (4 plants per m 2 ). Two alfalfa varieties were used -Hodonínka (an old variety) and Oslava (a new variety). The following factors were evaluated by statistical means: location, variety, plant spacing, and cut number. The eff ect of location on the above ground phytomass and the RSS value proved highly statistically decisive. The higher average values of above ground phytomass as well as RSS were achieved on the Troubsko location where the above ground phytomass was 19.57 t.ha −1 and RSS was 2.71 nanofarad (nF). The impact of the variety was highly statistically signifi cant only in respect to RSS. The eff ect of variety on the alfalfa above ground phytomass was not proven. The higher average RSS values were reached by the Hodonínka variety (2.59 nF). The eff ect of the plant spacing on both the above ground phytomass and the RSS values was highly statistically signifi cant. The higher average above ground phytomass was achieved when the 25 × 25 cm plant spacing was employed (18.64 t.ha −1 ). As for the RSS value, the case was exactly opposite -the higher average value was reached when the plant spacing was 50 × 50 cm (2.99 nF). The impact of the cut number on both the above ground phytomass and the RSS was highly statistically signifi cant. The highest average above ground phytomass and root system size were measured in the third cut. The above ground phytomass was 30.36 t.ha -1 and RSS was 3.86 nF.
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On the world scale, Alfalfa (Medicago sativa L.) is perhaps the oldest and, along with maize, also the most important forage crop (Chloupek, 2000) . Cultivated alfalfa, a tetraploid (Medicago sativa L., 2n = 4x = 32), is the most important perennial forage crop grown in North America, o en called queen of the forages (Barnes et al., 1988) . The root system is essential for nutrients and water uptake, and plant stability; several studies have discussed the use of the electrical capacitance method for measuring the root system size (Chloupek, 1977) . In recent years, lack of water in soil has been the main stress factor. To eliminate water scarcity in soil, plants need to have a suffi ciently developed root system that is able to receive the optimal amount of water and nutrients . Therefore, the study is aimed at presenting the method of root system size (RSS) evaluation, and attempts to describe it in practical use. In particular, this work focuses on the study of the eff ect of alfalfa varieties, location, and plant density on the size of the root system.
The evaluation of root size is very diffi cult mainly by species with tap-root reaching deeper than arable layer. Root system size (RSS) can be determined using electrical capacitance measured in relation to the surrounding soil with the dry surface of aboveground parts of the plants (Chloupek, 1972 (Chloupek, , 1977 . The method is based on polarization of biological membranes in the root system. However, the measured values are "contaminated" by electric capacitance of the surrounding soil, wires etc., with the result that comparisons can only be made among plants of the same species measured in the same soil and under uniform moisture conditions. The "parasitic" capacitance much depends on the soil water, since water has a high dielectric value. A current must be lead to the whole root system. This may be a problem in older plants, which are sometimes disintegrated due to root rot (Chloupek et al., 1999) or if a large portion of the root was naturally damaged (Kendall et al., 1982) . This method is used mainly for breeding selection of various cultural species, e.g. Chloupek et al. (1999) or Chloupek et al. (2003) . According to Chloupek et al. (1999) , progenies of lucerne plant with large RSS tended to have a large RSS and higher forage yield than progenies of plants with small RSS. The described diff erences within M. sativa complex are concerned mainly on traits of aboveground part of plants (e.g. Pelikán et al., 2007) .
MATERIAL AND METHODS
Two alfalfa varieties were used in the experiment (Hodonínka and Oslava). The Hodonínka and Oslava varieties were chosen to compare the eff ect of the process of breeding RSS. The Hodonínka variety is an old variety developed by crossing Moravian regional varieties with the Grim variety. The Hodonínka was registered in 1940, and is not grown anymore. It has got a partially erect tu shape with low number of stems. Stem is medium. The number of infl orescence is mid-high; the color of fl owers is purple. Unfortunately, no more details were found in regard to this variety as it had become oldfashioned many years ago. The seed was provided by the genetic bank in Prague. The Oslava variety is a synthetic variety bred for economic parameters and the higher symbiotic fi xation of aerial nitrogen. The components of the synthetic population are clones 728 (Pálava x Zuzana), 730 (Pálava x Zuzana), 742 (Hodonínka), 747 (Přerovská) and 757 (Flandria). Recombination of the components took place in the subsequent three generations. The Oslava is early to mid-early variety with a good resistance to pathogens causing vascular wilt disease. It has got a spread out to partially erect tu shape (height of 60-80 cm). The number of stems in the tu is medium, the number of internodia is medium, too. The stem is medium to long. The terminal leave is elliptical, somewhat long (30-40 mm) and wide (15-20 mm). The number of infl orescence is mid-high; the color of fl owers is light blue to blue and purple with a scarce mixture of colorful, cream, and yellow fl owers. The number of pods in infructescence is medium to high, the number of seeds in a pod is medium. Pods are medium to strongly spiral-shaped. This variety was registered in 2003 and bred by Agrogen Ltd. Troubsko, a company who provided the seed. These varieties were grown on two locations ( The root system size was measured by ELC-131D LCR Meter at the measuring frequency of 1 kHz as described by Chloupek et al. (2006) . The above ground phytomass of alfalfa was determined for the fresh matter.
The collected data were subjected to the multifactorial analysis of variance and post hoc L.S.D test at 0.05 and 0.01 levels of signifi cance in STATISTICA 8.0 CZ program.
RESULTS

Root system size (RSS)
The higher RSS values were found on the Troubsko location (2.71 nF on average); in contrast, on the Žabčice location, RSS values of 2.27 nF were measured. The eff ect of location was highly statistically signifi cant (Tab. II and III). This trend can be observed in Figures 1 and 3 The root system was not suffi ciently developed during the fi rst cut (Figure 1 ). Between fi rst and second cut, RSS increased distinctly in all variants, and the maximum values were found for the wider spacing on the Troubsko location. On the Žabčice location at both types of plant spacing and on the Troubsko location at the plant spacing of 25 × 25 cm, the highest RSS was achieved in the third cut (the fi rst cut in the second year of growing). RSS decreased during the subsequent cuts in all variants. The Oslava variety responded much better to less dense type of plant spacing. In case of the Hodonínka variety the wider spacing resulted in statistically signifi cantly larger roots (Figure 2 ). The Žabčice location was more extreme in respect to RSS values of the Hodonínka that showed highly statistically signifi cant diversities in the third cut, and in the fourth cut, statistically signifi cant diff erences were found, too (Figure 3 ). These extremes might have been caused by the year factor because in spring 2010, the Žabčice location had experienced worsened precipitation conditions due to which the plants had been stimulated to develop larger root systems. On the location Troubsko between evaluated varieties weren't in each cuts statistically signifi cant diff erences at values RSS.
Above ground phytomass
The higher above ground phytomass values were reached on the Troubsko location -19.57 t.ha −1 on average. On the Žabčice location, the average above ground phytomass was 10.10 t.ha −1 only. The impact of location was statistically highly signifi cant (Table II ; in contrast, at the plant spacing of 50 × 50 cm, the average above ground phytomass was only 11.04 t.ha −1 . The eff ect of plant spacing on above ground phytomass was highly statistically signifi cant (Table II and III) . The cut term was another factor infl uencing alfalfa's above ground phytomass per hectare. The best average above ground phytomass was achieved in the third cut -30.36 t.ha . The eff ect of the term of harvest on the above ground phytomass per hectare was highly statistically signifi cant (Table II and III) .
DISCUSSION
RSS was signifi cantly (P < 0.01) infl uenced by location in the fi rst, third, and the fi h cuts. RSS in Troubsko was larger than in Žabčice. The location impact was prevailing in the fi rst two cuts. Dostál et al. (2009) measured the RSS of barley and established that it had been infl uenced by the location of the experiments (48-88%).
Stand density had a signifi cant infl uence on RSS (P < 0.01) in all fi ve cuts; this eff ect prevailed in the last three cuts. Plants in denser stands had smaller RSS than sparse stands. The eff ect of variety was signifi cant in all cuts, with the exception of the second one. In the fi rst two cuts, the eff ect of variety appeared smaller than the eff ects of location and density, but in the following three cuts (3 rd -5 th ), it was stronger than the eff ect of location but still weaker than the impact of density. The Oslava variety had a larger RSS in comparison with the Hodonínka. In their winter wheat experiments, Acuña et al. (2007) confi rmed that under dry conditions plants developed roots faster, the roots were reaching deeper and formed more robust root systems. In our experiment, this phenomenon was found only in the Hodonínka variety in the second and particularly the third cuts in dry location Žabčice where a rapid root mass growth could have been observed. The phenomenon was also confi rmed by Hamblin et al. (1990) who found that plants developed larger root systems at times of drought.
This genetic controlled diff erence in RSS related to greater forage above ground phytomass could support selection for RSS as a selection criterion for forage above ground phytomass in alfalfa with respect to RSS, the interaction between varieties and stand densities was signifi cant in four of fi ve cuts with the exception of the fourth one. Similarly, this interaction was signifi cant in the fi rst four of the fi ve cuts. Zhang et al. (1999) found that older varieties developed larger root systems at spring wheat in dry soils than the modern bred varieties did. In their publications, other authors have confi rmed that stress factors (drought and waterlogging) promote root growth at wheat and barley (Morris et al., 1991; Byerlee and Moya, 1993) .
In a sparse stand, RSS was almost identical in both varieties; however, in a dense (25 x 25 cm) stand, RSS was smaller in the Oslava by more than 20%. Above ground phytomass higher by more than 20% (in comparison to Hodonínka) was found for sparse the Oslava stands; in case of the dense stands, the above ground phytomass was lower by nearly 10% in comparison to the Hodonínka. Moreover, in dense stands that are usually production standsand producing higher above ground phytomasss (22% in case of the Hodonínka and 9% in the Oslava). However, a larger RSS in 50 x 50 cm plant spacing did not respond similarly to forage above ground phytomass from the same area;. These plants could not probably eliminate the eff ect of a sparser stand by developing more stems. Chloupek et al. (1999) measured the size of the root system using same method for two alfalfa cultivars (Zuzana, Pálava). Progeny of plants with large RSSs inclined to having larger RSSs and higher forage above ground phytomass than progeny of plants with small RSSs. Lamb et al. (2003) compared ten alfalfa cultivars, two from each of the past fi ve decades, four recently released cultivars, and two monitored cultivars for forage above ground phytomass and persistence at four locations. Year x location x cultivar-release date interactions demonstrated that the forage above ground phytomass and the fi nal stand densities diff ered among the cultivars in each year of the experiment at each location.
SUMMARY
The goal of this study was to evaluate the size of the root system of alfalfa at various types of plant spacing (50 × 50 cm and 25 × 25 cm), on two diff erent localities (Žabčice and Troubsko, CZ), and in two diff erent varieties (Hodonínka reg. 1940) and (Oslava reg. 2003) . The root system size (RSS) was measured by electrical capacitance. The alfalfa above ground phytomass was determined in fresh matter. The collected experimental data were assessed by multifactorial analysis of variance and post hoc L.S.D test. The results imply that the location factor was highly statistically signifi cant in regard to the above ground phytomass as well as the RSS value. The eff ect of variety was highly statistically signifi cant only in respect to RSS. The impact of variety on the above ground phytomass was not proven. The higher RSS values were found in the Hodonínka (2.59 nF). The eff ect of the type of plant spacing on both the above ground phytomass and the RSS was highly statistically signifi cant. The higher average above ground phytomass was achieved at the narrower spacing. On the contrary, the higher average RSS values were found at the wider spacing (2.99 nF). The infl uence of the cut number on the above ground phytomass as well as the RSS was also statistically signifi cant. The highest average above ground phytomass and the largest root system were found in the third cut. The above ground phytomass was 30.36 t.ha −1 and RSS was 3.86 nF. It was fi nd out that at the time of the fi rst cut, the root system was not fully developed which refl ected in lower RSS values. At the time of the second cut, RSS distinctly increased in case of all variants and reached the maximum values at wider spacing in Troubsko. The highest root capacity was found in the third cut (the fi rst cut in the second year of growing) for both types of spacing on the Žabčice location and for narrower spacing in Troubsko. This was the maximum, and a er that, the root capacity started decreasing. The Oslava variety responded better to sparse plant spacing. The Hodonínka variety had stronger correlations between the studied spacing types. Roots were statistically signifi cantly larger when the 50 × 50 cm spacing was used. On the Troubsko location, both varieties performed in a similar way. The Žabčice location was more extreme in respect to RSS values in case of the Hodonínka variety that showed very high statistically signifi cant diff erences in the third cut and signifi cant diff erences in the fourth cut. These extremes might have been caused by the dry weather conditions of spring 2010 as a result of which plants were stimulated to develop larger root systems.
